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gboudgboboooobuogbobobobooboobbbooboobboo
googobbogbobboobobooboobbuoobooooboonoon
gbobbuoooobboooobbon

e IUJUDDOODLDO « OOO0ODLDODLDDOUOOODLOODODLODOODLDO
goodboobboobbooboobuooboobbboobbobboon
gbobobobooooobbobogoobbobboooooboboooobobooo
gboogobuodgbboboobooobuoouboobobooboonoon
gboodgbobobobodbuogbboobuoboobbooboobboon
googbobogbogbbobbuoobbooboobboobboboonoon
gboboboooobbobuooooboboboan



8 gboobooodgobobod

1.3 0O00ooooon

gbuodgbobodboobboobobobboobodoboobbod
gboodgboobboobuogbobbooboboobooboobboon
gbogbbodgbobboobuoobbobobooboobbooboobn
gboogbboobobuoobobobobobuooboobbooboobon
oooooooboooboboboooooooooooooooooboobn
gboodgbogoboobboobooobogbuogbooboobboon
gboogboboboooooooboboboooboboboboood
gboogbobogbobboobuoobboboboobbooooboobbo
goooobobooboooooooooooboboboboboobooon
gboogbobodgbobooboouobodboobobooboooboonon
obobboobooboobooboobo

1.3.1 OO0

gboogboooboodgbogbgbogobboobooboobbod
gbogbobuodgbboobuodgbbobobuoobbobobobaboobn
gbobobooogbbboooobbobooogd

eIJ0 : UOO0OOOODLOLOODUOODLOOLOOODLDLDOODLDOODLDO
gboggboobodgbboobbobooobooobooboooob
gouodgbogbboobbooobooboobuogbooboobboon
gbobdbogobugboodboobbuoobbooobbooboonbn
gbboggbogobuogobuoguobobbogbobobbooboon
gboodgbboobuodbbobobudoboobooobuogbbooobon
gboboboogobbobuooooboboooobooooog

e OO0 « OODLOOUOUOOUOOOOOLODODOLOOODDOOOOO
gboudbooboobboobboobogbugbooboobboon
goobboguboobooboobboobbooboobooboonoon
gbodgbbobobodbogbiobougboobbooboobbobon
googbboobodbogbboooboobbbooboobbonon
gbouodbogbboobboboboobuoobooboobboobboon
gboogobuogoobooobogbobuoboobooobonoooboonon
gbobobuoooobbbuoobobboooobbbogn
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1.3.2 00O

gbogboobooboobooboobuooboobooboobon
gbobogbobboooobobbodn

o100 : ODOUODOOOO0ODLOOODLOODLDDLDOUOODLDDOODDOODLDO
googbbooboboobobboobbooboboobooboobbonon
OO0000DbO0bOoboOoobo0obob0obOobDonD MaxwellODODODOO
goobooooon

gbogoobobuodgbboobugbboobobooboboobbon
goodgbboboobbobobooboobbobobooboobobooon
gboogbobogboobbougbbobobuoobboboobaboonn
goodgbboobodbobbooobodboobbooboobbbonon
gbogoobogbboobuogbboobuoobbobobooooonon
gooboooooobooo

e J0O0OO0 « OO0OODOOODOODLOOODOOODOODDOODDO
00 Gedanken Experiment (0000 ) 0000000000000 0O00O0O0O0O
gboobooboboooboboboboboboubobobooooood
gogodoooooobbbbuooooo

goobobooboooouboobooooobbooboooooboboooon
goooobbbbbbooobbbooubboooobooooooon
goobobooboooooobbbobdoooobbobboooooooon
goobbbbodogoobbobobdoooouooobbobbbooooon
goobobobobooguoooboobooooouooobboooooon
gogbobbbbboduobubooooooonbbobobbuoooooon
goodooooon
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1.4 0O000OO0O0O0OOOOOO 00000

goggdgbbobobobobobbbbobbbbbbbbbbbbbbbbbon
gboogbbogobobboobuoobobobobooboobobooboobo
gbbogbboobdooboobobodboobboobooboooon
gbobogbboogbogbboobuogboobbooboobboon
odoboobobooboobobobobooooboboboobood
gboogbobuoobbogboobbooboboboobbuobogonn
gooboboboboboooobooboboboboobobooood
gbboboooobbbuooobobbooodd

1.4.1 0O0OO4O4

gbuodgbobooobuodboobboobuoobbooobuooboood
googbboobodbogbbooboboobboobuooobboon
gbogbobuboobdboobobuoobbuobuobbuodgboooobn
gboogbobogboboobogbbodgboobboobobooboboonon
gbouodgbbobobodbuogbboobuobbboobboobbobn
goobudgbboobogogobuogbboobobuobooboooon
gbbboodgbobbboooobbbooooboo

1.4.2 0O0O0O0O0O0

gboogbobogbobbogbooobuoobbooobbooobbon
gboogbobodboobboobbobobooboobbooboobn
gobobooooon

e Galilei 00 : 0000000000 R(tz,y 2 000000000
000 S(,«,y,7)000000000000000 000000000
000000000000000000000000000000000 140
m/s)] 00000000 c¢=3x10°m/s] 0000000000000000
0000000000002-000000000000000000000
0000000000000

r=a+vt', y=y, 2=2, t=t (1.1)
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OO0 GalileiDOODOOOOOOOOOODOOOOOOODOOODOOODOD
O0O0O00obO0o0oboooboonD MaxwelODOOOODOOOOOOO
OO0000000000o0o00o00obob0obU0ObODGalilei dO0DO0OO
goboboooobbbooooon

1.4.3 O0OO0OOOOO

S—-0000 o OO0DODOOOOO0O0ODOODODOOOOoOoOoOobODDOO
OooooOoooOoOOoOR-00000 R(tx,y,z) OODODDOS-0000O
Sit,«',y,2)000000000000000000DOOO00O0ODOOOO0
gboogbboobooobooobodboobboobooboobooo
gboboobobuooooobboobobbbooooobbobboooooboobo
goodboobboobbooboobooobuooboobboobobonon
gbbboooobbboooobboboooobbobuoooobn

eJJ000ODOO: OUODOOS-UO0zz—0000D000D0O0OOCOOOODO
gbooooog

r =2 +ot'), t:”y<t/+:2l'/>, y=1vy, z2=42 (1.2)

oooo |y 12DDDDDDDDDDDDDMaxwellDDDDS—D
-5

OO0 R-0O0000O00OO00OO0OOOOOOOODODODbDODODbDODbODO
gbbbuoodgbbboogbbbuoooobbbooobbibdd v<e
OO0000Galilei DODODOODOOOODOODOODODODOOODOODOOOO
O000000D00O00D Galilei DOOOODOOODOOODOOODOO
gbooooog

e [IJOODNO = gooobbobbbbbbboobbobbobbbobbooo
gobobbodd »,y,z000¢:t0000O0O0O0OO0OODOO0OO0O0O0OODO
gbobobooooobbboooobbboooobobobobooooboboo
goodbooboobbooboobuooboobobooboboobboon
gbobobobuoogg bbuoogbbobbuooonobbboooobbn
gboogbobogbogbbooboobobboobuoobboobooooon
gbogoobodgbboobuogboobobuoobboboouoboonon
gboogobodbobbuogobobuooboobboobobooboonon
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gbobbbooooobbbuoooobbboooooboboboooobobooo
gboodbogbboobbooboobuoobouobooboobboon
gbogobuodgbobbodgbobuodobbooboobbuoobobbo

e3JolU00O0O : O0D0O0ODODOODODOODOODODOOOODOO
gbobboooobbobooooobboboooobbobboooobooo
000000000000000000000 (D00Oo0ooo)bobooo
gboogobobobuoobbodgbobobuobuoouobbogboooonon
goobooooooobobobobobobobobobobobobod
gboogboobubboboobogboobboobooboobboon
(00D0O0DO0O0oo)oooooo

gboodgbboodgboobboobbooboobuooboobboobbon
DDDDDDDDD’?)GBlDDDD oooooboobooboboooood
gbboobbuogoboobbuogboboobobboobbobboobn
goodbooboobbooboobuoobbuoobboobboboboon
gbobobooogooboobod

144 0O0O0O0OOOOOOO

gbuodgboobbogbogbogbbobboobuooboobbod
gbooggbboobogboboobuogboobbooboobboon
gboodgbbbuodgbbooboobboobboobooboboobbobn
goobbooogboboobbodgboooboobooboooboooon
gbogbdodboobbobbodgbuodabobobboobboobboon
gboodbogoboobbobobboobogbuogbooboobboon
O00000000000000000000 (Relativity)DOODOODOOOO
gobbodboogbbogbobbodgboobboobooboobboon
gbodbboboobuoobboobobodboobboobooboobon
gboodgbogoboobboobooobogbuogbooboobboon
oooboobobobobobobobobobobooboboobooon
gboobuoooobbboooobboboooobbbouoobboboo
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1.4.5 0O0O0OOOO

dodoooooooooooono godoooooooooooood

Minkowski 0000000000000 OOOOMinkowski O0O0OOOOO
0000000 |(ds)? = (cdt)? — (dz)? — (dy)? — (dz)?] DODOOOOODO
D(d8)2DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
00000000de" = (edt,dx, dy,dz), dzv, = (cdt,—dx,—dy,—dz) 00O
00 (ds)* = (cdt)? — (dz)? — (dy)* — (dz)* = g"dx,dz, O0DDOO00D0OO0
goooooooooong g»d

1 0 0 0
0 -1 0 0 : .
gt = 0 0 1 0 OO000000 Minkowski OO OOD0O0O

o 0 0 -1

e OO UOOOODO - ggoboboooooboboooooboboo
O0000000000ooooooog g =g"(t,z,y,2) 000000000
gboboboooobbbuooobbbuobuooobbogo

g Dououdbbbud = 0ogbbbuoooobboooon

0000000 ((C0O)0D000000000000 Ricci DODODOODOOO
gboogbobogbobogbbbuoobbooboobb gvdbbooo
gboogobooboobobooboobboobbobbbooboboonoon
googboobob gwbboobudgboobboobboobboon
oo gdboobboboobooooboobbooboobboonoo
OO00oOoooogn ¢m0d Minkowski DO ODOOD0OOOOOOOOOOOO
googobodbooboobooobooobboobbooobboboonoon
gboboboooobboboooon

eJI000UDODODO: OUODODDDOUOOODOOOODOOOO (tw,y,2)
googbbobobodgbogbbbbuogboobbooboobboon
gbogbobuoguboobbobuoobbuodobbodobooboboabobn
gboodbogboobboobogobogbuogbooboobboon
gbbogboudgbboobuoobobbuoobboobuoobboobbn
gbboboogoboboooobbooodn
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el 0OO0ObOODLOOODLDOO . DLDOODLDDOODLOODLOODbODO
gobooboobbodogooobobbooooobooboobooooooboobo
gboogbobodbbogbbdooboobbooboobobooboobn
goodbogboobbbobobooboobuoobboobboobboon
gobuodgbbbobbodobbogboooboooboooboooboo

e 00000 UIODUOD : ODODOOOOUOO(DODO)DODOOOOOOO
gobbodbogbobogboooboobbooobuooboboooboon
googoobooobbbbobbbbbbbbbbbobobobbbbobbbn
gboogoobodoboobuoobobooboboobooobooboboonoon
gouodbogobogbbobboobogbuoboobboobboon
gbooboooobbboooboboboooobbobuooooboon

1.4.6 O0OOOOOOOO

00000000 0d0dddddddddddddoooooooooon
000000000 bO000oOo0o00boo0. 0booooboooooooon
O0000000000O0O0000000000000. 000 ¢,0000
Poisson 0 OO 00O

V3¢, = 4rGop
goodooooon
g% ~ 1+ 24,

gboogbobogbodgbobboobobooboobobooboboobon
0000000 ¢,0000 Poisson HOOOOO0O0O0O0O0O0O0O0OOOO0O
gbboboggbbobuoogboboboooobboogoboboooobon
gbuodgdbudgbodgbbobboboboobuoboobboobboob
gboboooooobooaoobon

gbogoobuodgb gwbudabobobobuobobbbouoaobbod
p, 0000000000 OOOOOOOOOOOOOOOOOCOOOOO0OO
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDgOO:1—2¢g
gogdggoogggogooobobbobobobobbbbbbbbbobbo
gbbboggbbbooobobboobobbooobbbuooobbbood
gbooboooooobooo
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1.4.7 Maxwell 00 0O Einstein [ O 0O

Enstem OO OOOOOOOOOODOOOOODOOOOOODOOMaxwellD
0000000000000 00Oo0ooooooooooooooooooo
O00MaxwellO O OO Einstein 0 O OO

O, (O"AY —0VA*) = ej” (Maxwell 0 O O) (1.3)
1

R””—§g‘“’R = 8rGyT"" (EinsteinO O 0O) (1.4)
OO00D0000O0OMaxwellDODOOODOODOOODOOODOO A*O0D00OO
000000000000 000000Einstem0 000000 Ricci OOO
O (R )ODDODODOOOOODOOODOODOOO Rieci DODOODOOOOOO
g 0ooooooooobbooboobbtooooooooono g™ O
O0000000000000000000000000ooooooon (g~

O 7000000000000 0000O0O0000ooooooo

e Maxwell UDODOODODOOOO j#:
OOOMaxwelOOODOODOOOODOODODODOODOOOOOOODO g+
gboogbobogobobboobuoobboobuoboobobooboonn
gboobobogbooboboobobobobbobobobooood
OoO00ooO A+0000

goobodoooboboob y»0booboboobobboobooon
gboodgbooboobbobobogbuoobooboobboobboon
gobooobbooobooobuooobo y»00bboobbbooobn
OoOOoobOOobDbOobboOobboObDO DiracO0D0O0D0DOOODOOO Dirac
googobooobbooboobobooboobboooobooooon
ooobobbobobobobobuoobooboboobOob DiracOOO0O
Schrodinger 00O OO0OO0O0OO0O0OO0OO0ODOODOO Schrodinger 000000
gbooodgy»ouggbbooobbbuoobboogbboooobn
gbobogobuodgoobogobuodbbooobooobbooboonoon
gboogbobodgobbodgbobooboobbooobbooboonon
gbooooogn
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e Einstein 000000000000 OO0OODOODOOO :

OO0ODOEnstein UOOO0DO0DOOO0ODOO0OO0OODOOO0OOOOO0ODODOOO
gbobboooboobbuoobbooobuobbooboooboonn
googggbuobbodbuobuooudg g booboooooo
gboobogbuodgbboobuogbbooobboobobuooboobonn
gbboggbbooobbbuooobbbooobobbuooobbooon
Emnstem 000000000 O0OOO0O0DOO

e 0O ODOOODOOODOO -

OO00DO00000 Enstemn J00000O00O0O0O0ODOOOO0OOOOOOO
gooooooobobbobobobobobobobobobobobd
oboooboobooboooboobobobobobo birachbobonood
gbooboboboobooooobobbobobobobobooood
000000000000 00000O00 (D0oooDpooooo)oooo
OO0000000b0ob0o0b0oo00ob0ob00ob0obUbOndEinstein
gboogbobodgbogbbbodoboobbooboobobooboobn
goboboooobbboooobobboooooboboooobbbooo

e DD OOOODODOOOOODO -
goggooobooobobobobobbbbobbbbobbbobobbbbbbbn
goodoooooooboobobboboboboboboboboobbobobobbbb
gogdoooboboobobbbobobbbobbbbbbbbbbbbbbbn
OO000000000OEmnsten 000000000000 0OO0OO0O0O0O0OO
gbobobboobudgbboobuoobboobuoobboobaoonbn
Binstem U0 O0O0O0O0ODOOOOOOOOOOOOOODOOOOO




1.5, ODO0oO00OO0O0 17

1.5 000000

gbodboobbobbooboooboobuooboobbobbod
gboogboboobboobuogbbodboobobobuoobooboonon
gbogbobuodbboobuoobbbdboobboobboboobon
gboodgbboobuodobogbboobuooboobbouoboboboon
gooooooooooooboobooooboobobobbboobobood
gboogbbobobuooobooobouoboobbooboobboon
gooooboobobooooooooboobobobobobobboood
gboogbbogbogbbbobuoooobooboobobooboboonon
gooooooobobobobobobbobobobobobobobn
gbouodbogboobbobboobuougbougbooboobboon
oboobobobobooboboboboboobooboooobobo
gobodbuogbogbbobboobuogbuoobooboobboon
oooboooooooboboboboboooboboboooooood
gboogbbboobuooobboobuooboobbooboobbonon
obobbooboobooboobooboobobboboboobn

1.5.1 OOO0OOOO0ooood

gbhogbbodbogodgbogobuogbboobooboobobon
goooobobbobobbbbbbbbbbbbbbbbbbbbbobbbo
gbogbogbobuodgbboobuoobboobuoobbooboobbo
00000000 (000000000000 000000000O0O)00OO
gboodbogbboobbooboboobogbuogbooboobboon
0000 (QED)0000D0OOQEDODODODODDOOODOOOODODOOODOD
gboboboogoobbbuoogobbbooooboboooonbon

eI : OOQEDODOOODOODOOOODODOODODOODOODO
gbogbobugbodgbdgogbobuogbbugbbooooboonbn
gouodgbogbboobbooobooboobuogboobboobboon
gbuodbogoboobbobbogbuobooboobboobboon
googdbodgbogbboboboobogbuogbooboobboon
gboodgbbboobuooboobobodgboobbbooboobbobon
gogdbobboooobboboogobbobooogbon
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1.5.2 O0O0O0OO0OOO0OO0OO0O0O00

goodboobogbooogbuogbooboobbobboobon
gboooogbbbudgbiobdodgboobbooboobobuooboobn
goodbogbboobbbobobooboobuooboobboobboon
gbogboboooobuoobboobuoobbuoobooobuoobbob
gobobbooooobobbogoobboboooooboboboooooooo
gbodgbbbobboobuogboobobboobooboobbobn
gobobooooobboboogoobobooooobobboooooooo
gbooogogn

e IJ0UOOUOO « OOLOUODLOODLDDOODLDDOUOODDOODDOODLDO
gboogobodbbooboboogobbobooboobobooboboonon
gbogbobuogodgbooobuoobbuoobboobooubboonn
googbbboboboobuogobooobboobooboobbooon
gboogbobuodgobbuogobbogboobbuooboboboobobn
gbobggbogoboobodobboobboobboobobbooon
Obob0o0bOobo0buoobOobOdD Lagrangian U0 OO00OOO0O0O
ObhoboobobooboooboboboobuoobOoboboobOoon Lagrangian O
gboogobuoobbboobobuoobboobboobobbbooonn
O Lagrangian 0000000000 OOO0OO0ODOODOO0ODOOOOOOOO
gboodgboboobbogbbobuogboobboobuooboobboon
gbhoggbobooboobooobodboobbbooboobbonoo
gbogbudgbobobobuoobbooobuonoobboobuoobbonon
googbogbboogbbobobooboobuooboobboobboon
gboogbbodgbuoboobuodgbbooobuooboobooboobboonon
gouodboogbogbogbboboboboboobbobboboboon
gbbobuoobobbbooogbbbuoogbobbbooobbboo

e IJUOOOOOO « UOOODUODLDOODLDDOODDOODDOODLDO
gobobodbboobogobbobboobbooobuoobboobooo
OOoboobooooobobooooQepoooooooobobooooooog
00000 LegOODOOOO0ODOOOODOODODOOODOOODOOO
gbouodgboboobbodooobuogboobboobuooboobbobon
googbbobooboobbooobodboobbbooboobbooon
gogoooboboobbbbbbbbbbbbbbbobbobbbobobbbn
0000000000000000000000 (DOooo)ooobooo
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gbogobobugbbuoobooboobbuoobobbooooboo

e DiracUUDI : DOOO0OOODOOOOODOOODOOODOODOOOODO
gooooobooobobobobobobbbbbbbobbobobobobbobobbobbn
OboboooobooooboboobobDbiracbObDoobOonDOO
gooodboogbogbboobooboobuoobboobboobbooon
O00000D0O00DOO0DOOO0DOOoODOoOOobOoOObDboOnD AIPOOOO
0(O0000000000)00000000000000000000OO
gboogbbogboobobuogobbooboboobobooboboobn
googbbooboboobbooobodbbboobbooboobbonon
gboogbbogbodobooobuoobboobbooboboobobonon
goodbogbooboobbobobooboboobbobboboboon
gboboooaogd

1.5.3 U00dooboooooooon

obboobooobbooobboooobboooboooobobbo
obhoobuoobuooboobuoobooboobbobbOon Logd
gobobboooboobobobobobuoooooboobobboood
oooooooooooobooboobboboboboboboboboobo
obobooboobod

eJUgg . OOOOOOOOOOOOODDDOOODOOOOOOd
goddddoooooooogoooobooooooobboobbbbn
gddootoooooooooooobbbbbbbbbbbbbobbb
googooboooooboobobboboobbobobobooboobboobobobbbn
Lagrangian 000 0000000000000 OO0ODOOOODOOODOOOO
gboogbbobobuodboooobouoboobbooboobboon
gbogbbodgboobabboobbboobuoobboboobboobn
gboboboogoboboboooobob

e IJUOOUOOOO « UOOODUODLOODLDDOODLDDOODDOODLDO
godbobobooodgboobbuooboooboobbooboobn
goobudbbooobuogbobodgbbooboobooobbogoboon
gbouodboobboobbobboobuooboobboobboobboon
gboogbbobobuodobogoobuogboobbooboobboon
gboguboboobbuoobbuoobbodobobbooboboobb
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gboogbboobuodgbogboobobooobboobubooboboon
googbooogbogbbobobooboobuogboobboobboon
gboodgbbooobuogbboobobodbuoobboooboobbonon
gboogbbbogoobbboooobobboooobobboooobon

e [100D0 : DUOODLOOODLOOODLOOOLOOObLbOOObLDbDDDO
gboogbbobobodboobboobuoobboooboobobonon
00000000000000(000000000)0000000000
gbouodbogobboobbobobooobogbugbooboobboon
gobogbobooboobbooobodbooobobooboobbonoon
000000000000000000000+°000020000000
googboboboboobogboboobobuooboobbooboooon
gbobogbboobooboogobodboobboobooobboon
gboobooooboobooooboo

e J00DODODOODOO : DODODODUODO AdlerDDODODODO
O0000000000000D000000000000 (Physical Review) O
gogogooooobbbbbobbbobbbbobbbobbbbbbbbbn
gbodogbogbboobbobuoobbodoboobuogoobooonn
Adlere DOODOODOOODOOODODODODOOODOODOODOODOODOO
gboodgboobbobbogbuodgboobboobooboobboon
googoboboobogobuoobbooboooobbooboonoon
gbogboobooobobbuoobbbboboobboboooboonn
gboogbobboogbboobuoobboobbooboboobboonoon
gbooboobogbboobuogbboboboobboobuoobabbo
gobogboboobogbooobuodboobboooboobbonon
gooooobooobbbbobbbbbbbbbbbobbobbbobobbbn
gboogoobbobgobuogobbbooboobobuogbobbooonoon
gboogboboobobobuoobbbooboobbooboobboon
gboobooooboboooobobon

e OO0 DOODDOO « OO0ODL0DOODLOOODOODDOODDO
obooo0bOobooboboobouldbob LegboboonOoO
gooboboboboboboboooobobboboobobooood
gooooobooobobobbobbbbbbbbbboboboobobobobobobbn
gobbooboobboboooboooboobobooboboobobonoo
Oboboboobooboobd biracbbOO0DOOO0OOODOO
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1.5.4 0O0O0O0OOOOOO

gboogbboooubooboobbooboobbooboobbon
gboogbobuodgbbobubgobubobuobboobbooboobn
gboogbobogbogobbooboobbooboooooobooooon
gogggoobbbbbbbbbbbbbbbbbobobobbbbobbbo
gooogboboboobogobogbbogbooobuogboboonon
gbobobooodgoboobn

eJogooobbbbboouoouoog -« obbboobbboboodad
000000000 QQeEDODODODODOODOOODOODOOOOODODOODOO
gogbugbbobobuogbogoobbboobbooboobbonon
goodgbobbbobobooboobooboboobooboobbooon
gboogbbooobogbboobuogboobbooboobbobon
gboogobodobobboobobuooboobbuoobbooobobonoon
gbodgbbobobodobogbbbogboobbbooboobbobon
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[0 D Non-integrable Potential

When the non-integrable potential appears as the small perturbation on the
Newton equation, what should be the best way to take into account this small
potential effect?

D.1 Non-integrable Potential

Here we discuss the physical effects of the non-integrable potential. The
additional potential from the new gravity model has the shape of %, and,
therefore, we can write the non-integrable potentials into the simple shape in
the following way

q GmM ) 2
= D.1
Va(r) 2mc? < r (D-1)
where
—6 for General Relativit
= , v (D.2)
1 for New Gravity

In this case, the differential equation for the orbit with the additional potential
becomes

dyo % 2 * Cro o2 22

This equation can be solved exactly and the effect due to the correction appears

dr 7 2\/QmE 2ma 1 q <GTZM)2‘ (D.3)

in cos ¢ term and is written as

r= A (D.4)

1+ ecos (%gp)

where A, and L, are given as

G2 M?*m? 1
\/€2+ME€ 1+772£<1+217). (D.5)

c2

2
Lg

Ag = GMm?’

Ly
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Here, the 7 is defined as

B qG2M2
T C2R4w?

(D.6)

which is a very small number. It is around 1078 for the planet motion such as
the earth or Mercury.

D.1.1 Effects of Non-integrable Potential on Solution

The solution of eq.(D.4) has a serious problem in that the orbit is not closed.
This is quite well known that the potential with the non-integrable shape such
as V.(r) = T% gives rise to the orbit which is not closed. It is, of course, clear
that this type of orbits should not happen in nature.

The abnormal behavior of the solution eq.(D.4) can also be seen from the

following term

1

oS (%gp) ~ cos(p + 577@). (D.7)

It should be interesting to see that this term cannot be described in terms of
the cartesian coordinates of x = rcosy, y = rsine. In fact, cos(¢ + %ngp)
term becomes

1 1 1

cos(p + 57}30) = gcos 3P~ % sin 7% (D.8)

and there is no way to transform the cos %ngp term into x, y coordinates even
though we started from this cartesian coordinate. This is very serious since
the solution expressed by polar coordinates cannot be written any more in the
cartesian coordinates. This is related to the fact that the orbit is not closed
due to the non-integrable potential effects.

D.1.2 Discontinuity of Orbit

The effect of the non-integral potential can be further seen as the discon-
tinuity of the orbit trajectory since the orbit is not closed. In order to see
this discontinuity of the orbit, we first start from the orbit solution with the
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non-integral potential, which is eq.(D.4)

N 1—1—5005(?—1—;77)90'

r

In this case, we find the radius r at ¢ = 0 and ¢ = 27 as

Ay
= =0 D.9
T oIse v (D-9)
Ay
= — =2 D.10
" 1+ ecosmn’ v ( )

Therefore the difference Ar becomes
1
AT = T(pmor) — T(p=0) 5Ag7r27725 ~ (.15 cm (D.11)

for the Mercury orbit case of the general relativity as an example. This means
that the orbit is discontinuous when ¢ becomes 27. This is not acceptable
for the classical mechanics, and indeed it disagrees with the observation. In
addition, eq.(D.4) cannot generate the perihelion shift, and this can be easily
seen from the orbit trajectory of eq.(D.4).
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D.2 Perturbative Treatment of Non-integrable
Potential

Here we should present a perturbative treatment of the non-integrable po-
tential. This must be the only way to reliably treat the non-integrability in
classical mechanics.

D.2.1 Integrable Expression

The equation for the orbit determination becomes

dr r 2\/QmE 2ma 1 q <GmM>2
- =T
¥

de Iz e2r 2 22

2mkE 2ma 1
= r%/1 - —. D.12
TV 2(1+n) +62(14—77)7“ r? (D-12)
Therefore, we can rewrite the above equation as

dr
V14 ndp = N — =. (D.13)

2(1+n) + E1+mr 12

r

Here we note that n = z5 (GmM )* is a very small number which is of the
order n ~ 1078, Now in order to keep the effect of the non-integrable potential
in terms of integrable expression, we should make an approximation as

1+ ndp ~de. (D.14)

The reason why we should make this approximation is because we should
consider the dynamical effect as the perturbation while the 7 in the right hand
side of eq.(D.13) should only change the value of constants such as FE or «
in the differential equation. In this way, the equation to determine the orbit
becomes

dr 2mE 2mao 1
— 7“2\/ 7 (D.15)

- _.I_ -
dp (14+n)  20+nr r?
which gives the right orbit solution. Now the orbit is closed, and the solution

can be written as

Ay
= D.1
" 1+ecosep (D-16)
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where A, is given as
£2

Ao = Gatmz!

1+n). (D.17)

Note that the ¢ is also changed due to the n term, but here we can safely
neglect this effect since it does not play any role for physical observables.
Therefore, the effect of the additional potential is to change the radius A, of
the orbit even though this change is very small indeed. Now eq.(D.16) clearly
shows that there is no perihelion shift, and this is very reasonable since the
additional potential cannot shift the main axis of the orbit.

D.2.2 Higher Order Effect of Perturbation

Here we should estimate the higher order effect of the perturbation in
eq.(D.13). Denoting the solution of eq.(D.16) by r®

0) Ay

/r( - —_—
1+ecosp

and the perturbative part of the radius by »’' (r = r© 4 7/), we can write the
equation for 7’ as

dr’ 1 2mFE 2ma 1
— = —p(r®)? — D.18
dp = 2" \/62(1 ) R (o) (D-18)

where the right side depends only on ¢. Here, we should make a rough esti-
mation and only consider the case in which the eccentricity ¢ is zero. In this
case, the right side does not depend on the variable ¢, and thus we can prove
that the right side is zero. Therefore, the higher order correction of 7’ should
be proportional to the eccentricity € and can be written as

'~ Cone A, (D.19)

where Cj should be some numerical constant. For the earth revolution, the
value of ¢ is very small (¢ ~ 0.0167) and thus we can safely ignore this higher
order perturbative effect.
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D.3 Period Corrections from
General Relativity

Here we discuss briefly the period corrections generated by the additional
potential of the general relativity. The gravitational potential together with
the additional potential from the general relativity is given as

GM 3 (GmM\?
Vir) = 224 2(m ) (D.20)
r mc r
Therefore the Newton equation becomes
GmM L
= —9 D.21
mr 72 + mr3 ( )
where L2 is defined as
6G? M>*m?>
2 _ 2
L= ——3—. (D.22)

c

The solution of the differential equation is given by taking into account the
perturbative treatment of the non-integrable potential

r= 1—|—;54zosg0 (D.23)
where A, is given as
2
A= ]\L;m 5 (D.24)
Therefore, the period T can be determined when we integrate ¢ = m‘; 5 Over
the orbit period as
i /T dt = /27r ridy = A; /27r %dgp (D.25)
m Jo 0 0 (14ecosyp)
which can be calculated to be
wT =27m(1 — 27). (D.26)

In this case, the correction AT to the period can be written as

(ATT)GR ~ 2. (D.27)
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D.3.1 Earth Revolution Period

For the earth revolution around the sun, the correction to the period T" due

to the general relativity becomes
ATgr = —3.8  [s/year] (D.28)

which is in the wrong direction as compared to the observation in terms of
the leap second delay. In addition, this value is, by far, too large compared to
the leap second, and in fact, the observed value of the leap second is around
0.62 [s/year|. Therefore, the correction to the earth period from the general
relativity should be completely ruled out from the observation.

D.4 Gravitational Wave

It is really a shame as a theoretical physicist that we have to make a brief
explanation about the gravitational wave. It is beyond imagination that some
group of people insisted that they observed a signal of the gravitational wave.
Those people who claimed a “discovery” of the gravitational wave should be
far from physicists, and their standard of understanding physics must be lower
than the fourth grade student of university. The physical observation can be
done only if the object should have any interactions with matters whatever
it can be. However, the gravitational wave which is a classical wave has no
interaction with any physical objects. This means that its observation of their
claim does not make sense.

When a physical object can propagate in vacuum, then it must be a particle
like photon whatever it may be, even though massless. This is confirmed
from the vast amount of experiments, and by now, “the ether hypothesis” is
completely excluded. In fact, all modern physics is based on the relativity
principle, and there is no experiment which contradicts the relativity.

Therefore, unless the “graviton” were measured, any gravitational wave can-
not be observed. However, the strength of gravity is 107° times smaller than
the strength of electromagnetic force, and therefore, it is simply impossible to
measure the graviton. This is well known to physicists and therefore, gener-
ally, any physics text books do not make the explanation of the gravitational
wave.
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D.5 Predictions of New Gravity Model

By now, a new gravity model is constructed, and as a byproduct, there
appears the additional gravitational potential. This is a very small term,
but its effect can be measurable. Indeed, this is the relativistic effect which
becomes

v 2
() ~1.0x107® (D.29)

C

for the earth revolution around the sun. On the other hand, the leap second
of the earth revolution is found to be

AT

—)~2x107" D.30

() (D30)

which is just the same order of magnitude as the relativistic effect. Therefore,
as we see later, it is natural that the leap second value can be understood by
the additional potential of the new gravity model.

D.5.1 Period Shifts in Additional Potential

In the new gravity model, there appears the additional potential in addition
to the normal gravitational potential. In the case of the earth revolution
around the sun, this potential is written as

GmM 1 <GmM)2 (D31)

r 2mc? r

where the second term is the additional potential [3]. Here, G and ¢ denote
the gravitational constant and the velocity of light, respectively. m and M
correspond to the masses of the earth and the sun, respectively.

e Non-integrable Potential :

As discussed in the previous chapter, the additional potential should be a
non-integrable, and therefore, the treatment should be done in terms of the
perturbation theory. In this case, the Newton equation with the perturbative
procedure of the additional potential can be solved and the period T of the

revolution is written as

wT ~27(1 + 2n) (D.32)
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where 7) is given as

G*M?
2R
Here, R is the average radius of the earth orbit. The angular velocity w is
related to the period T by

n = (D.33)

o

— D.34
w=2, (D34)
The period shift due to the additional potential becomes
AT
— =2 D.35
T =20 (D.35)

which is the delay of the period of the revolution [2, 3]0

D.5.2 Period Shifts of Earth Revolution (Leap Second)

In the earth revolution, the orbit radius, the mass of the sun and the angular
velocity can be written as

R=1.496 x 10" m, M =1.989 x 10* kg, w=1.991x10"". (D.36)

In this case, the period shift becomes

AT
— = 212 1.981 % 1078 (D.37)

Therefore, the period of the earth revolution per year amounts to
ATy = 0.621 [s/year] (D.38)

which is a delay. This suggests that the corrections must be necessary in terms
of the leap second.

e Leap Second :

In fact, the leap second corrections have been made for more than 40 years.
The first leap second correction started from June 1972, and for 40 years,
people made corrections of 25 second. Therefore, the average leap second per

year becomes

ATS% ~0.625 4 0.013 [s/year] (D.39)
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which agrees perfectly with the prediction of eq.(D.38).

e Definition of Newcomb Time :

Newcomb defined the time series of second in terms of the earth revolution
period. However, the recent measurement of time in terms of atomic clock
turns out to deviate from the Newcomb time [9]. This deviation should be due
to the relativistic effects, and indeed this deviation can be understood by the
additional potential of gravity.
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U0 E Planet Effects on
Mercury Perihelion

In this Appendix, we discuss the Mercury perihelion shifts which should come
from the gravitational interactions between Mercury and other planets such
as Jupiter or Saturn. This calculation can be carried out in the perturbation
theory of the Newton dynamics, which is rather new to the classical mechan-
ics. Here, we should comare the numerical results with those calculated by
Newcomb in 1898.

E.1 Planet Effects on Mercury Perihelion

The motion of the other planets should affect on the Mercury orbits. How-
ever, this is the three body problems, and thus it is not easy to solve the
equation of motion in an exact fashion. Here, we develop the perturbative
treatment of the other planet motions. Suppose the Mercury and the other
planet are orbiting around the sun and in this case, the Lagrangian can be
written as

1 ., GmM 1 .5 Gmy,M  Gmm,,
L= -mr? 4+ ——— 4+ —m,r, + +

E.1
2 r 2 Tw |r — 7y (E.1)

where (m, r) and (m,, 7,) denote the mass and coordinate of the Mercury
and planet, respectively. The last term in the right side of eq.(E.1) is the
gravitational potential between the Mercury and the planet, and therefore it
should be much smaller than the gravitational force from the sun.
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E.1.1 The Same Plane of Planet Motions

Here, we assume that the motion of the Mercury and the planet must be
in the same plane and therefore we rewrite the Lagrangian in terms of polar

coordinates

1 GmM 1 Gmy,M
L= gm(? +1%) + “o 4 omu () + 1) + =

Gmmy,
\/7’2 +r2 — 2rr, cos(p — gow).

Therefore, the Lagrange equation for the Mercury can be written as

+

(E.2)

i~ g GMM G —rcos(e =)
72 (r2 412 — 2rry, cos(p — pu))?

d GmMrr,, si S

4 imrtp) = — mMrr, sin(p — p,)) 3 (E.4)

dt (r2 4+ 712 — 2rr, cos(p — pu))2

G wM G w\lw ™ - Yw
mw'rw = mwrwng - m2 - Qme <T TCOS(SO ('D ))£E5)
Tw (r2 4712 — 2rr, cos(p — @u))?2

d G wM w ‘ w
L ingrrg) = - Grelimusinlon = 9) (E.6)
dt (r2 4+ 12 — 2rry, cos(p — pu))2

E.1.2 The Motion of Mercury

If we ignore the interaction between the Mercury and other planets, then
the Mercury orbit is just given as the Kepler problem, and the equations of

motion become

s  GmM

mit = mre® — " (E.7)
 (mr*g) =0 (.
o (mr*p) =0. .
Here, the solution of the orbit trajectory is given as
A
r=-—— (E.9)
1+ecosep
where A and ¢ are written as
? 2E02
A=—, e=[1+— with a=GMm (E.10)
mao mao

which should be taken as the unperturbed solution of the revolution orbit.
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E.2 Approximate Estimation of Planet Effects

Now we should make a perturbative calculation of the many body Kepler
problem by assuming that the interaction between the Mercury and other
planets is sufficiently small. In this case, we can estimate the effects of other
planets on the Mercury orbit. Here we write again the equation of motion for
the Mercury including the gravity from the other planets

2 GM Gy (r — 1y cos(p — @)

. - B _ E.11
r3 2 (r2 + 12 — 2r7y cos(p — ¢u))? ( |

Now we replace r, r, by the average orbit radius R, R, in the last term of
the right side, and thus, the equation becomes

2 GM Gy (R — Ry cos(ip — ¢u))
m?ré 2 (R? + R2 — 2RRy, cos(p — o))

i = (E.12)

Below we present some approximate solution of eq.(E.12).

E.2.1 Legendre Expansion
First we define the last term of eq.(E.12) by F' as

Gmy(R — Ryx)
(R?+ R2 — 2RR,z))?

F(z)=— ,  with 2 = cos(p — ¢y) (E.13)

and we make the Legendre expansion

GmyR Gmy,R,(R% — 2R?)

F(x)=— + E.14
DR T (R .
Therefore we obtain the equation of motion
2 M 2 _ 2 2
7= ¢ G G B (R, = 21 cos(p — @u) (E.15)

_m2r3_ r2 <R2+R5})%

where the constant term is irrelevant and thus we do not write it above.
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E.2.2 Iteration Method

Now we employ the iteration method in order to solve eq.(E.15). First we
make use of the solution of the Kepler problem

o = O rwt (E.16)

Pw = 901(1?) + Wyt (E-17)

and thus eq.(E.15) becomes

.2 GM  GmuRu(R’ - 2R?)
(e + (Bt ) cos(b + (t) (E.18)

where b, [ can be given as

(0) (0)

b= — @), B=w—wy (E.19)

E.2.3 Particular Solution

In order to solve eq.(E.18), we assume that the last term is sufficiently small

and therefore r may be written in the following shape as

Gy Ry (R2 — 2R?)

r=r" 4 K 5
(R*+ R%)>

cos(b + ft) (E.20)

where 79 denotes the Kepler solution of (9 = : +;C‘OS . Now we insert the
©

solution of eq.(E.20) into eq.(E.18) and we find the solution of K as

1

Therefore, we obtain the approximate solution as
2 _ op2
r=r® G Ft (R, — 27) cos(b+ (t) (E.22)

(B2 + )2 52
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E.3 Effects of Other Planets on Mercury Per-
ihelion

Therefore we should put the Kepler solution for r(® and thus the Mercury
orbit can be written as
A Gmy, Ry (R% — 2R?)
l+ecosp (R? + R2)3 32
A

G Ru (R2,—2R2)
1+ ecosp+ R L1 (e )? cos(b + ft)

cos(b + ft)

12

(E.23)

where we take A ~ R and also = w — w,,. Here as for ¢,,, we take

_ 2R?

Gmy ( zTa)

(E.24)
RR? (w — wy)? (1 " }%j)g

Ew

and using b+ 6t = ¢ — ,,, we obtain
A
r o .
1+ ecosp + gy cos(v — pu)

(E.25)

This equation suggests that the Mercury perihelion may well be affected by
the planet motions.

E.3.1 Numerical Evaluations

Now we calculate the Mercury Perihelion shifts due to the planet motions
such as Jupiter or Venus. In order to do so, we first rewrite & cos p—+¢e,, cos(¢—
V) terms as

ECOS P + 4 COS(p — ) = €1 COS P + Casin = \/cF + 3 cos(p + d) (E.26)

where ¢; and ¢y are defined as

€1 = €4 €y, COSYy, (E.27)

Co = &y sinp, (E.28)
where

cosd = 1 (E.29)
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Here ¢, is much smaller than ¢ and thus eq.(E.29) becomes

cosd = ~1——
\/(E + €4 COS Py )% + (84 8IN Py, )? 2

€ + €4 COS Py, 1 <€w

E.3.2 Average over One Period of Planet Motion

Now we should make the average over one period of planet motion and

therefore we find
1

21 1
— in% @, do, = — E.31
27T/0 sin” iy dpw = 5 (E.31)

Thus, 6 becomes

2R?
Ew 1 GM 1 <mw) ( _IT%>
\/55_\/55 R?H R(w—ww)2 <1+]%2)%

M
Ruwd ey (1= %)
V2eR (w— wy,)? < M) (1+ ;;22)% (E:32)

where the planet orbits are taken to be just the circle, for simplicity.
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E.3.3 Numerical Results

In order to calculate the effects of the planet motions on the 9, we first write
the properties of planets in Table 1. Here numbers are shown in units of the

earth.

Table 1

H Mercury ‘ Venus ‘ Mars ‘ Jupiter ‘ Saturn H Earth ‘ Sun

Orbit Radius 0.387 0.723 | 1.524 | 5.203 9.55 1.0
Mass 0.055 0.815 | 0.107 | 317.8 95.2 1.0 | 332946.0

Period 0.241 0.615 | 1.881 | 11.86 29.5 1.0

w 4.15 1.626 | 0.532 | 0.0843 | 0.0339 1.0

In Table 2, we present the calculations of the values § for one hundred years

of averaging and the calculations are compared with the calculated results by

Newcomb.
Table 2 The values of § for one hundred years
’ Planets H Venus ‘ Earth ‘ Mars ‘ Jupiter ‘ Saturn H Sum of Planets
d by eq.(E.32) || 49.7 | 274 | 0.77 32.1 1.14 111.1
0 by Newcomb || 56.8 18.8 | 0.51 31.7 1.5 109.3

As one sees, the agreement between the present calculation and Newcomb
results is surprisingly good [9]. Here we do not review the calculation of
Newcomb for the other planet effects on the Mercury perihelion shifts, and

instead we simply employ his calculated results.

E.3.4 Comparison with Experiments

The observed values of the Mercury perihelion shifts are often quoted in some
of the old textbooks. However, it should be very difficult to find some reliable
numbers of the Mercury perihelion shifts since these values are determined for
100 years of observation period in 19 century. In this respect, the comparison
between the calculation and observation should be a homework problem for
readers.
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(10 F New Derivation of Dirac
Equation

Here, we should present a novel method to derive the Dirac equation without
making use of the first quantization. It is shown that, from the local gauge
invariance and the Maxwell equation, we can derive the Lagrangian density of
the Dirac field without involving the first quantization.

F.1 Derivation of Lagrangian Density of Dirac
Field

Dirac derived the Dirac equation by factorizing the dispersion relation of
energy and momentum such that the field equation becomes the first order
in time derivative. Now, we can derive the Lagrangian density of the Dirac
field in an alternative way by making use of the local gauge invariance and the

Maxwell equation as the most fundamental principle.

F.1.1 Lagrangian Density for Maxwell Equation
We start from the Lagrangian density of the Maxwell equation
1
L=—gj, A" — 2 F, F" (F.1)
where A* is the gauge field, and F),, is the field strength and is given as
F., = 0,A, — 0,A,. (F.2)

Here j, denotes the current density of matter field which couples to the elec-

tromagnetic field. From the Lagrange equation, we obtain

0, ™ = gj" (F.3)
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which is just the Maxwell equation.

F.1.2 Four Component Spinor

Now, we can derive the kinetic energy term of the fermion Lagrangian den-

sity. First, we assume that the Dirac fermion should have four components

(2

(2
p— F-
(0 o (F.4)
Py

This is based on the observation that electron has spin degree of freedom which
is two. In addition, there must be positive and negative energy states since it
is a relativistic field, and therefore the fermion field should have 4 components.

e 16 Independent Components

Now, the matrix elements
POy (F.5)

can be classified into 16 independent Lorentz invariant components as

U scalar,
VY5 pseudo — scalar,
o Yy 4 component vector, (F.6)
ﬂ_w,ﬁg,@[) : 4 component axial — vector,
@JW@D : 6 component tensor,

where 1 is defined for convenience as

¥ = 1. (F.7)

These properties are determined by mathematics.
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e Shape of Vector Current

From the invariance consideration, the vector current j, must be written as

ju = Colz”}/#lﬁ (F8>

where Cj is a constant. Since we can renormalize the constant Cj into the
coupling constant g, we can set without loss of generality

Co=1. (F.9)

F.2 Shape of Lagrangian Density

By making use of the local gauge invariance of the Lagrangian density, we
see that the following shape of the Lagrangian density can keep the local gauge

invariance
_ - 1
L = C190,v") — gy, p A — 1 F,F" (F.10)

where (] is a constant. At this point, we require that the Lagrangian density
should be invariant under the local gauge transformation

A, — A+ 0.,
[ ]
b — ey

(F.11)

where x should be an arbitrary function of space and time. In this case, it is
easy to find that the constant C; must be

Cy =i (F.12)

Here, the constant A should be included implicitly into the constant C;. The
determination of & can be done only when we compare calculated results with
experiment such as the spectrum of hydrogen atom.

F.2.1 Mass Term

The Lagrangian density of eq.(F.10) still lacks the mass term. Since the
mass term must be a Lorentz scalar, it should be described as

Cotp) (F.13)
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which is, of course, gauge invariant as well. This constant C5 should be deter-
mined again by comparing the calculated results of hydrogen atom, for exam-
ple, with experiment. By denoting Cy as (—m), we arrive at the Lagrangian
density of a relativistic fermion which couples with the electromagnetic fields
AP

1

L = ihd ") — gy A* — mapp — 7 Fw ™ (F.14)

which is just the Lagrangian density for the Dirac field interacting with elec-
tromagnetic fields.

F.2.2 First Quantization

It is important to note that, in the procedure of deriving the Lagrangian
density of eq.(F.14), we have not made use of the quantization condition of
0 :
E—i—, p— —iV. (F.15)
ot
Instead, the first quantization is automatically done by the gauge condition
since the Maxwell equation knows the first quantization in advance. This in-
dicates that there may be some chance to understand the first quantization
procedure in depth since this method gives an alternative way of the quanti-

zation condition of the energy and momentum.

F.3 Two Component Spinor

The derivation of the Dirac equation in terms of the local gauge invariance
shows that the current density that can couple to the gauge field A* must be
rather limited. Here, we discuss a possibility of finding field equation for the
two component spinor. When the field has only two components,

¢ = ( z; ) , (F.16)

then we can prove that we cannot make the current j, that couples with the
gauge field A,. This can be easily seen since the matrix elements

e (F.17)
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can be classified into 4 independent variables as
#'p . scalar, ¢lope: 3componentvector. (F.18)

Therefore, there is no chance to make four vector currents which may couple
to the gauge field A,. This way of making the Lagrangian density indicates
that it should be difficult to find a Lagrangian density of relativistic bosons.
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